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Abstract 
A new drain arrangement with water jet pump for regenerative system was put forward, and the working principle of 
water jet pump was introduced. The calculation model for jet coefficient of water jet pump, and the enthalpy of 
mixing of water jet pump outlet were determined, and the calculation model of economical indexes of unit based on 
the thermal balance method was built. Taking a 600MW supercritical steam power plant as an example, the jet 
coefficient of water jet pump was calculated, and the economy was compared under the different arrangement, the 
results shown that thermal economy of the drain arrangement with water jet pump was higher than that of flashed 
heaters. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction  
Up to now, the drain arrangements for surface-type heater have two basic types in the condensing 
turbine unit. One is the flashed heater, in this arrangement the drain is discharged to the low pressure heater 
from high pressure heater by pressure difference. The other one is the pumped heater, in this arrangement 
the drain is pumped into the main feed water pipe by a drain pump. The flashed heater is widely applied in 
the regenerative system of thermal power plant because of its’ simply assembly, safety and reliability, but 
its’ thermal economy is lower than the pumped heaters; the pumped heaters’ safety and reliability is lower 
than the flashed heaters [1], so pumped heaters arrangement is not employed usually in the regenerative 
system of thermal power plant.  
Based on the basic types of drain arrangements, a new one with water jet pump was put forward, 
Taking a 600MW supercritical steam turbine unit as an example, the heat flow diagram with new drain 
arrangement was determined, and the thermal economy was compared along the different drain 
arrangement. 
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2.Principle of Water Jet Pump 
The water jet pump is one of power equipments which is widely applied in the field of energy and 
chemical industry because of simply composition, no mover parts, easily sealing and higher reliability, it 
was highly regarded by more and more researchers and engineers. 
The water jet pump can eject another working fluid by one working fluid under sufficient pressure, and 
it is comprised of nozzle, suction chamber, mixing chamber, and diffuser chamber [2]. A sketch of the 
water jet pump is shown in figure 1. 
The operational principle of water jet pump can be explained as follows: the working fluid with 
sufficient pressure ( pp ) is injected though the working nozzle, the pressure at the nozzle outlet is reduced 
to suction pressure ( sp ). The pressure force energy is converted to kinetic energy, and a jet of fluid with 
higher velocity is formed in the nozzle outlet. Because of the crosswise turbulent fluctuation and diffusion 
of the working fluid, the medium fluid surrounding the working fluid will be taken away, and a low 
pressure region is formed in the suction chamber, so another fluid ejected is suck, then the velocity of the 
fluid ejected is reduced though diffuser chamber, and the pressure ( dp ) is increased in the outlet of 
diffuser chamber. 
3.Regenerative System with Water Jet Pump Drain Arrangement 
With the water jet pump drain arrangement, the working fluid of water jet pump is part of the feed 
water, and the fluid ejected is the drain of heater. The working fluid and fluid ejected are mixed in the 
adjacent high-level heater. Finally, the drain of No.1 low-pressure heater is pumped into the deaerator and 
the drain of No.1 high-pressure heater is pumped into the main feed water pipeline. Taking a 600MW 
supercritical unit as an example, a sketch of the regenerative system with water jet pump drain arrangement 
is shown in figure 2. Using this drain arrangement, the drain enters into the high-level heater, and some of 
the high-pressure steam extracted is reduced, so the energy output of steam turbine increases, and the heat 
economical efficiency increases too. 
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Fig. 1 Sketch of the water jet pump
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Fig. 2 Sketch of the regenerative system with water jet pump drain method 
4.Thermal Economy Analysis  
4.1.Ejecting coefficient  
With new drain arrangement, the working fluid of water jet pump is part of the feed water, the share of 
feed water which enters into the adjacent high-level heater changes and the share of steam extracted 
changes too. Before we calculate the share of steam extracted, the ejecting coefficient of water jet pump 
must be calculated at first. 
When the share of jetted fluid sD  is known in jet pump, the share of working fluid pD is: 
p sD D P                                ˄1˅
Where P  is called the ejecting coefficient, it is defined as the ratio of sD  and pD  [2]. 
The computational methods of P  have several types, when the area ratio m  is known, the optimum 
P  is [3]:  
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and where 3
1
f
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f
 , 3f  is the cross-sectional area of mixing chamber (
2m ); 1f  is the outlet area of nozzle 
( 2m ); 1M  is the loss efficiency of nozzle; 2M  is the loss efficiency of suction chamber; 3M  is the loss 
efficiency of mixing chamber; 4M  is the loss efficiency of diffuser chamber; pp'  is the pressure 
difference between working fluid and fluid ejected at pump inlet ( Pa ); pv ˈ Hv ˈ dv  is the specific 
volume of working fluid, fluid ejected and fluid mixed, , respectively ( 3m kg ). 
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4.2.Share of steam extracted  
Taking the jth regenerative heater as an example (refer to Fig. 2), the share of working fluid which is 
used to suck the drain of the (j+1)th regenerative heater is: 
( 1)
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                                  ˄3˅
Where ( 1)s jD   is the drain share of the (j+1)th regenerative heater.  
The drain share of the jth regenerative heater is ( 1) ( 1) ( 1)d j p j s jD D D    .
The feed water share of the jth regenerative heater is ( 1) ( 1)wj w j p jD D D   .
So, the share of steam extracted of the jth regenerative heater is: 
( 1)wj wj d j j
j
jq
D W D J
D 

                         ˄4˅
Where
( 1)wj wj w jh hW    is the enthalpy rise of the jth heater’s waterside (kJ/kg); 
( 1)j d j sjh hJ    is the heat output of the jth heater’s drain (kJ/kg); 
j j sjq h h   is the heat output of the jth heater’s steam extracted (kJ/kg); 
Where wjh ǃ ( 1)w jh  ǃ sjh ǃ jh  are the outlet enthalpy, inlet enthalpy, drain enthalpy and steam extracted 
enthalpy, respectively; ( 1)d jh   is the enthalpy of fluid mixed in the outlet of water jet pump, the fluid will 
enter into the high-level heater, and its enthalpy can be calculated by follow formula: 
( 1) ( 1) ( 1) ( 1) ( 1) ( 1)( ) /d j p j w j s j s j d jh h hD D D        
4.3.Thermal economical indexes 
From (4), we can obtain the share of steam extracted of each regenerative heater, the total electricity 
generated by the condensing turbine-generator unit is: 
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Where 
0D  is the main steam flow (t/h); iH' is valid enthalpy drop in the turbine body(kJ/kg); 
jD and sgjD  are share extracted of the jth regenerative heater and gland/valve lever leakage share, 
respectively;
jY and sgjY  are underrating coefficient of the jth regenerative heater and gland/valve lever leakage 
coefficient of underrating, respectively; 
Z  and 1Z  are the number of regenerative heater and segments number of gland lever leakage, 
respectively;
mK is the mechanical efficiency of steam turbine; gK  is the efficiency of generator. 
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5.Example  
Taking a 600MW supercritical unit as an example, under the fixed power out mode, the share of steam 
extracted of each heater and thermal economical indexes are compared among three plans as follows: 
x Plan 1: Flashed heaters with integral drain cooler are employed in the regenerative system. 
x Plan 2: Water jet pump heaters without integral drain cooler are employed in the regenerative 
system. 
x Plan 3: Water jet pump heaters with integral drain cooler are employed in the regenerative system. 
The results are shown in Table ĉand Table Ċ.
From Table ĉ we can see that the shares of steam extracted of high-pressure heater (No.1 and No.2) 
decrease in plan 2 and 3 compared with plan 1, and those of some low-pressure heaters increase. This 
result shows that some of the high-pressure steam extracted reduces, so heat economical efficiency 
increases. We can also see the same conclusion in the Table Ċ.
TABLE I. SHARE OF STEAM EXTRACTED OF EACH HEARER WITH DIFFERENT DRAIN ARRANGEMENT (600MW
SUPERCRITICAL UNIT)
Heater’s number 
Share of Steam Extracted 
Plan 1 Plan 2 Plan 3 
flashed heaters 
(With integral drain cooler)
Water jet pumped heaters 
(Without integral drain cooler)
Water jet pumped heaters 
(With integral drain cooler) 
No.1  0.05796 0.05653 0.05625
No.2  0.08028 0.07970 0.07251
No.3  0.03587 0.03823 0.03673
No.4  0.05590 0.05561 0.07241
No.5  0.05221 0.05222 0.03789
No.6  0.02511 0.02499 0.02428
No.7  0.02815 0.02796 0.02720
No.8  0.03001 0.02950 0.02871
TABLE II. COMPARISON OF THERMAL ECONOMICAL INDEXES WITH DIFFERENT DRAIN ARRANGEMENT (600MW
SUPERCRITICAL UNIT)
Items 
Plan 1 Plan 2 Plan 3 
flashed heaters 
(With integral drain cooler) 
Water jet pumped heaters 
(Without integral drain cooler)
Water jet pumped heaters 
(With integral drain cooler) 
Heat consumption rate 
(kJ/(KW.h)) 
8533.49 8527.88 8506.90 
Thermal efficiency (%) 42.19 42.21 42.32 
Coal consumption rate 
(g/(KW.h)) 
291.56 291.37 290.65 
Decrease of coal consumption 
rate (g/(KW.h)) 
Plan 2 compares with plan 1 
0.19 
Plan 3 compares with plan 1 
0.91 
From Table Ċ we can see, compared with plan 1, the decrease of coal consumption rate is 0.19 
g/(KW.h) in plan 2, moreover, the decrease of coal consumption rate reaches up to 0.91 g/(KW.h) in plan 3. 
So we conclude that thermal economy of the drain arrangement of water jet pump is higher than this of 
flashed heaters. 
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If the unit has already been put into operation, we can transform the flashed heaters into water jet 
pumped heaters mentioned in plan 3, the heat economical efficiency will obvious increase. For new units, 
regenerative system can be used water jet pumped heaters without integral drain cooler (mentioned in plan 
3), although the decrease of coal consumption rate is lower, the heater without integral drain cooler section 
has simplify structure and this deign can reduce the beginning investment of heat-exchange equipments. 
6.Conclusions 
This study puts forward a new drain arrangement with water jet pump heaters. Taking a 600MW 
supercritical unit as an example, a sketch of the regenerative system with new drain arrangement is 
designed. The calculation model for ejecting coefficient of water jet pump and the share of steam extracted 
of heaters were determined based on thermal balance method. The new drain arrangement can reduce some 
of the high-pressure steam extracted, increase the energy output of steam turbine-generator units, and 
increase the heat economical efficiency. Moreover, If the water jet pumped heaters have already been put 
into operation, the heat economical efficiency will obvious increase, on the contrary, without integral drain 
cooler section, the structure of heater can be simplified, and the investment of power plant will be reduced 
very well. 
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